INTRODUCTION {#s5}
============

Patients with rheumatoid arthritis (RA) have been reported to be at an increased risk of gastrointestinal (GI) complications compared to patients who did not have RA.^[@R1]^ Among these, GI perforations are rare but potentially lethal, and it is unclear to what extent a risk increase may be caused by inflammation or other RA processes, or rather by the treatments used in RA.

An association to treatment is established for glucocorticoids (GC), which have been shown to increase the risk of bleeding and perforation in both upper^[@R3]^ and lower GI tract,^[@R4]^ and non-steroidal anti-inflammatory drugs (NSAIDs), where recent evidence suggest involvement in intestinal perforation in addition to well-known risk increases for upper GI ulceration.^[@R5]^

While conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) do not seem to modify the risk of GI perforations,^[@R6]^ uncertainty remains around the possible risks associated with biological disease-modifying antirheumatic drugs (bDMARDs). Cases of GI perforations have been reported in etanercept-treated patients,^[@R7]^ and GI perforations are included in the product information of infliximab, adalimumab and certolizumab as uncommon or rare adverse reactions.^[@R8]^ However, one large analysis of data from the British Society for Rheumatology Biologics Register found no difference in risk, comparing tumour necrosis factor inhibitor (TNFi) versus csDMARDs, after adjusting for GC use and other risk factors.^[@R11]^

Data on other non-TNFi bDMARDs and comparisons between bDMARDs is limited,^[@R12]^ but available data suggests a possibly increased risk of lower GI perforations associated with tocilizumab. A safety signal was first triggered by several cases reported in preapproval clinical trials and postmarketing surveillance for tocilizumab.^[@R13]^ However, clinical trials were not designed to study this rare outcome, providing insufficient follow-up time, especially in the comparator arm.^[@R13]^ Also, postmarketing surveillance via spontaneous adverse drug reaction reports is prone to reporting bias due to perceptions about risks. Strangfeld *et al* analysed data from RABBIT (the German biologics register) and found tocilizumab to be associated with a more than fourfold increase in the risk of lower GI perforations compared to csDMARDs.^[@R16]^ No other bDMARD was associated with an increased risk. However, the study had limited ability to adjust for baseline disease history. Two studies analysed US claims data,^[@R14]^ comparing abatacept, rituximab and tocilizumab with TNFi. The reported risk of lower GI perforations was again significantly higher for tocilizumab but not for the other non-TNFi bDMARDs. However, the data sources used in these studies lacked measures of, and the analyses could thus not be adjusted for, RA disease activity or inflammation markers, which at least in Sweden is known to influence the choice of bDMARD.^[@R18]^

With differences in outcome definitions, limited statistical power and lack of data on important confounders in these previous studies, additional evidence is warranted before strong conclusions on the possibly increased risk of GI perforations in RA, and specifically with tocilizumab, can be drawn. Therefore, we aimed to estimate and compare incidence rates of GI perforations among Swedish patients with RA using different treatments, and to a matched general population comparator, with particular focus on TNFi versus non-TNFi bDMARDs.

PATIENTS AND METHODS {#s6}
====================

Study design {#s6-s1}
------------

We conducted a nationwide, register-based cohort study, comparing the incidence of GI perforations between patients with RA and a general population sample, and between different bDMARDs used in RA.

Data sources {#s6-s2}
------------

Several Swedish national registers served as data sources for this study. Inpatient and specialty outpatient visit records were identified in the National Patient Register.^[@R19]^ Cancer diagnoses were identified in the Swedish Cancer Register. RA parameters and treatments were identified in the Swedish Rheumatology Quality Register (SRQ) that collects longitudinal data from rheumatology visits. The Swedish Biologics Register (ARTIS), that is part of the SRQ, covers more than 90% of biological treatments in RA from their introduction to clinical practice in Sweden (1999), and was used as data source for bDMARD treatments.^[@R20]^ Dispensed outpatient prescriptions were identified in the Prescribed Drugs Register, with virtually complete coverage since July 2005.^[@R22]^ Demographic data and data on emigration were extracted from the Total Population Register^[@R23]^ while death date and causes were extracted from the Swedish Cause of Death Register.^[@R24]^ The linkage between national registers was realised by identifying individuals using their unique personal identification number.^[@R25]^

Settings and patients {#s6-s3}
---------------------

Patients with RA were identified in the National Patient Register as having minimum two recorded ICD-10 (International Classification of Diseases, 10th revision) diagnoses of *M05* or *M06*, at least one from a rheumatology or internal medicine specialist.^[@R26]^ Starting from 2009, all bDMARDs under study were available for clinical use, thus all bDMARD treatment starts after January 2009 and were extracted from SRQ/ARTIS. General population controls were matched 5:1 by sex, age and geographical location to the biologic-treated patients. All patients were followed from the earliest January 1, 2009 to the latest December 31, 2017 (the end of data availability).

Outcome {#s6-s4}
-------

Hospitalisations with a main or secondary diagnosis of GI perforation and death due to GI perforation (primary or contributory cause of death) were counted as outcome events. Outcome definitions with ICD-10 and procedure codes are summarised in [online supplementary table 1](#SP1){ref-type="supplementary-material"}. Lower GI perforations were considered the main outcome, as they made up 85% of all perforations ([online supplementary table 2](#SP1){ref-type="supplementary-material"}), with all GI perforations assessed in supplementary analyses.
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Exposure and follow-up {#s6-s5}
----------------------

Follow-up of general population controls started at the same date as the first biological treatment of the matched patient with RA and was censored if the control developed RA. Patients were followed as bionaïve from first fulfilment of the RA diagnostic criteria to first start of a biological treatment, as identified in SRQ. If RA criteria had been fulfilled before the start of the study period, bionaïve follow-up would start on January 1, 2009. Patients starting a bDMARD before the start of the study period were not included in the bionaïve cohort. Biologic-treated patients were followed in each treatment cohort from the date of treatment start, to the date of decision to end treatment or initiation of a new biologic, plus an extension period of 90 days (intended to capture events recorded after a decision to stop therapy due to early symptoms). Follow-up under any exposure cohort was censored at death, emigration, end of data or at first outcome event. The following biologics were studied: TNFi (etanercept, infliximab, adalimumab, certolizumab pegol and golimumab) as one group, rituximab, abatacept and tocilizumab, regardless of formulation or route of administration. Patients could contribute follow-up to several exposure cohorts, but only the first treatment with each bDMARD was included. Thus, patients who switched bDMARDs during the study period would contribute to repeated observations, under different drugs, and could also contribute to several outcome events, if they repeatedly experienced outcome events under different treatments.

Missing data {#s6-s6}
------------

Data was complete for most variables derived from national registers, including the outcome. Nevertheless, missing data was present for education level and for several variables extracted from SRQ representing disease activity or co-medication, used for confounding adjustment in the comparison between bDMARD treatments. The proportion of missing data for each variable is presented in [online supplementary table 3](#SP1){ref-type="supplementary-material"}. In order to use the entire outcome data and reduce selection bias due to analysing only complete observations, we used multiple imputation with fully conditional specification.^[@R27]^ A comparison between the distribution of observed data before imputation and complete data after imputation is presented in [online supplementary table 3](#SP1){ref-type="supplementary-material"}. The analysis dataset was imputed 20 times, with 25 burn-in iterations. Imputation models included only the analytical variables without interaction terms. Continuous variables were parametrised as cubic polynomials, except the baseline cumulated exposure to GCs and NSAIDs and number of hospitalisations, which were categorised into quartiles. As recommended in survival analysis using multiple imputation, the outcome was included as event/censoring binary indicator together with the Nelson-Aalen cumulative baseline hazard estimate.^[@R28]^ Each of the 20 imputed datasets were analysed separately and then estimates were pooled using Rubin's rules.^[@R29]^

Statistical analysis {#s6-s7}
--------------------

Incidence rates in patients with RA and general population controls were standardised to the sex and age (10-year groups) distribution of the entire study population, estimating CIs with the Fay and Feuer method.^[@R30]^ HRs comparing each RA cohort to the general population were estimated in a multivariable Cox regression adjusting for age, sex and cumulated use of GCs 1 year before baseline.

The comparison between bDMARDs was adjusted for a larger set of covariates, including RA-specific factors not possible to adjust for in a comparison involving the general population. Due to the low number of outcome events, confounding adjustment was done using inverse probability of treatment weighting (IPTW).^[@R31]^ Stabilised IPTWs were calculated, within each imputed dataset, for each subject, as the inverse of their probability to receive the treatment they had in fact received considering their baseline characteristics, predicted using multinomial logistic regression, multiplied by the sample proportion with that treatment.^[@R32]^ These IPTWs were used to adjust survival curves,^[@R33]^ HRs in Cox models and incidence rates in generalised estimating equation Poisson models (with independent working correlation). The robust sandwich estimator was used for calculating 95% CIs in all Cox regressions. This approach corrects the variance after clustering due to IPT weighting and repeated observations, providing slightly conservative CIs.^[@R34]^

Numbers needed to harm were calculated as the inverse of the differences in adjusted incidence rates.

The time scale used in all Cox regressions was time since start of follow-up under an exposure cohort.

Baseline characteristics were measured before each start of follow-up. Thus, patients who restart follow-up under different exposure cohorts would have their baseline information updated at each start. Baseline characteristics were considered for confounding adjustment if they were thought to influence the choice of treatment (or were consequences of factors that influence treatment choice) and were also risk factors for GI perforation. No selection was done based on statistical tests of association with exposure and outcome. Baseline characteristics included in the IPTW adjustment model were age, sex, education level and year at start of follow-up, history of GI perforations, diverticular disease, intestinal ischemia, inflammatory bowel disease, other GI diseases, diabetes, chronic obstructive pulmonary disease, hospitalised infections, cardiovascular disease, cancer, surgical interventions on joints and the number of hospitalisations within 5 years before baseline, Health Assessment Questionnaire (HAQ) score, erythrocyte sedimentation rate (ESR), C reactive protein (CRP), rheumatoid factor, DAS28-CRP, RA duration, GC and NSAID use (baseline use and cumulated exposure within 1 year before baseline), and baseline use of methotrexate, other csDMARDs and selective cyclooxygenase 2 (COX2) inhibitors. Details of covariate definitions are in [online supplementary table 4](#SP1){ref-type="supplementary-material"}. The cumulated exposure to GCs and NSAIDs was estimated by (1) extracting all prescriptions within 1 year before baseline for each patient, (2) dividing the collected quantity of drug (mg) on each prescription by the corresponding WHO 'defined daily dose' (mg/day)^[@R37]^ to obtain the number of defined daily doses (DDDs) and (3) for each observation (patient) summing up the number GC DDDs and the number of NSAID DDDs. The defined daily dose represents the quantity of drug used per day by an average patient for the main indication of the drug.^[@R37]^ Continuous variables were parametrised in the same way as in the imputation models.

The distribution of weights was evaluated within each imputation and over all imputations ([online supplementary figure 1](#SP1){ref-type="supplementary-material"}). To assess achieved balance of confounding distributions between treatments, expected values for each confounder (proportion or mean) are presented before and after weighting in [online supplementary table 5](#SP1){ref-type="supplementary-material"}.

Adding the line of biological therapy to the IPTW denominator model, in order to adjust for it by weighting, induces extreme weights and unstable estimates, because the line of biological therapy is strongly associated with the exposure variable.^[@R38]^ However, the line of therapy could be added to both numerator and denominator of IPTW and also to the outcome model. In this way, while other confounders are adjusted by weighting, line of therapy is adjusted by conditioning on it.^[@R39]^

All data management and analysis were conducted using SAS 9.4 (SAS Institute).

Secondary analyses {#s6-s8}
------------------

Incidence rates of any (lower or upper) GI perforation and risk contrasts between cohorts are presented in the [online supplementary material](#SP1){ref-type="supplementary-material"}.

To assess comparability with previous reports, incidence rates of any GI perforation were calculated, mimicking outcome definitions used in previous studies.^[@R14]^ A specific definition excluded diagnosis codes for diverticulitis, diverticulosis or ischemic colitis. Another broader, more sensitive definition included these events, together with codes for several intestinal surgical procedures. ICD-9CM and Current Procedural Terminology codes were used in the original definitions. We translated these to ICD-10 and (Nordic Medico-Statistical Committee (NOMESCO) procedural codes used in Sweden. Our translation of these definitions is presented in [online supplementary table 1](#SP1){ref-type="supplementary-material"}, together with ICD-10 codes used in our own definition.

Mortality was calculated as the proportion of cases that were either identified directly in the Cause of Death Register or were followed by death either during hospitalisation or within 90 days after discharge. As the number of cases was small, Fisher's exact test was used for testing that mortality was equally distributed between treatment cohorts.

Since experiencing a GI perforation previously is an important risk factor for a recurrent GI perforation, we adjusted for history of GI perforation in the main analysis. In a sensitivity analysis, we excluded any patients with a history of GI perforation. In this analysis, patients could participate with repeated observations but with no more than one event.

RESULTS {#s7}
=======

Study population {#s7-s1}
----------------

We included 76 304 general population controls, 62 532 bionaïve patients with RA, 17 594 initiations of TNFi, 2527 of abatacept, 3552 of rituximab and 2377 of tocilizumab. The number of follow-up episodes in each exposure group and baseline characteristics are displayed in [table 1](#T1){ref-type="table"}. Comparing bionaïve patients with RA with those starting bDMARDs, the bionaïve were on average older, less educated and less likely to be women. Joint surgery was less frequent among bionaïve patients, indicating less severe RA. The most frequently used bDMARDs were TNFi---(68% of all biological treatment episodes). Patients treated with TNFi had better overall health and were earlier in their RA disease, compared to those starting non-TNFi bDMARDs. They also received less GC comedication. Proportions of historical GI conditions (eg, diverticular disease, perforations) were higher in patients starting non-TNFi compared to those starting TNFi bDMARDs, although tocilizumab initiators had lower proportions than those starting abatacept or rituximab.

###### 

Characteristics of study participants at baseline (start of each follow-up episode)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Characteristic\                                         Bionaïve            TNFi                Abatacept             Rituximab             Tocilizumab           General population
  median (IQR) or N (%)                                                                                                                                             
  ------------------------------------------------------- ------------------- ------------------- --------------------- --------------------- --------------------- --------------------
  No. of follow-up episodes                               62 532              17 594              2527                  3552                  2377                  76 304

  *Demographics*                                                                                                                                                    

  Women                                                   44 066 (70.5)       13 320 (75.7)       2031 (80.4)           2692 (75.8)           1885 (79.3)           57 787 (75.7)

  Age (years)                                             66 (56--76)         59 (47--67)         61 (51--69)           64 (54--72)           59 (49--67)           60 (49--68)

  *Highest education*                                                                                                                                               

  9 years or less                                         21 176 (35.4)       3912 (22.4)         606 (24.2)            960 (27.4)            540 (23.0)            15 698 (20.9)

  10-- 12 years                                           25 603 (42.8)       8293 (47.5)         1230 (49.2)           1643 (47.0)           1131 (48.1)           33 928 (45.1)

  More than 12 years                                      13 014 (21.8)       5264 (30.1)         666 (26.6)            896 (25.6)            679 (28.9)            25 607 (34.0)

  *Disease history* \*                                                                                                                                              

  GI perforations                                         396 (0.6)           80 (0.5)            29 (1.1)              31 (0.9)              14 (0.6)              233 (0.3)

  Diverticular disease                                    1961 (3.1)          481 (2.7)           121 (4.8)             161 (4.5)             84 (3.5)              1385 (1.8)

  Intestinal vascular disease                             62 (0.1)            10 (0.1)            2 (0.1)               4 (0.1)               1 (0.0)               24 (0.0)

  Other GI disorders                                      6353 (10.2)         1493 (8.5)          325 (12.9)            446 (12.6)            242 (10.2)            4090 (5.4)

  IBD                                                     698 (1.1)           235 (1.3)           37 (1.5)              40 (1.1)              32 (1.3)              697 (0.9)

  Diabetes                                                5634 (9.0)          1181 (6.7)          246 (9.7)             351 (9.9)             182 (7.7)             3548 (4.6)

  COPD                                                    2967 (4.7)          416 (2.4)           128 (5.1)             180 (5.1)             77 (3.2)              1267 (1.7)

  Hospitalised infections †                               4016 (6.4)          520 (3.0)           216 (8.5)             298 (8.4)             118 (5.0)             1037 (1.4)

  Cardiovascular disease                                  21 197 (33.9)       3938 (22.4)         820 (32.4)            1247 (35.1)           643 (27.1)            11 875 (15.6)

  Cancer ‡                                                7131 (11.4)         923 (5.2)           185 (7.3)             522 (14.7)            139 (5.8)             6262 (8.2)

  Joint surgery                                           7071 (11.3)         2529 (14.4)         534 (21.1)            825 (23.2)            491 (20.7)            2431 (3.2)

  No. of hospitalisations                                 1.0 (0.0--2.0)      0.0 (0.0--2.0)      1.0 (0.0--3.0)        1.0 (0.0--3.0)        1.0 (0.0--2.0)        0.0 (0.0--1.0)

  *RA parameters*                                                                                                                                                   

  Disease duration (years)                                ‒                   8.6 (3.3--17.3)     11.5 (5.5--20.6)      12.5 (5.7--21.7)      10.5 (4.7--19.2)      ‒

  Rheumatoid factor                                       ‒                   12 957 (75.9)       1953 (79.2)           3044 (87.5)           1829 (78.7)           ‒

  ESR                                                     ‒                   18.0 (9.0--34.0)    22.0 (10.0--40.0)     27.0 (14.0--45.0)     26.0 (13.0--47.0)     ‒

  CRP                                                     ‒                   7.0 (3.0--18.0)     8.0 (3.0--21.0)       10.0 (4.8--27.0)      11.0 (5.0--29.0)      ‒

  DAS28CRP score                                          ‒                   4.4 (3.5--5.2)      4.6 (3.9--5.3)        4.7 (3.8--5.4)        4.8 (4.0--5.6)        ‒

  HAQ score                                               ‒                   1.0 (0.6--1.5)      1.3 (0.9--1.8)        1.3 (0.9--1.8)        1.3 (0.9--1.8)        ‒

  *Comedication*                                                                                                                                                    

  Methotrexate                                            ‒                   9299 (65.7)         1163 (55.8)           1648 (56.3)           1030 (50.5)           ‒

  Other csDMARDs                                          ‒                   1887 (13.3)         215 (10.3)            441 (15.1)            203 (10.0)            ‒

  Selective COX2 inhibitors                               ‒                   366 (2.6)           54 (2.6)              66 (2.3)              60 (2.9)              ‒

  Other NSAIDs                                            ‒                   4427 (31.3)         690 (33.1)            941 (32.2)            740 (36.3)            ‒

  Glucocorticoids                                         ‒                   6568 (46.4)         1180 (56.6)           1688 (57.7)           1109 (54.4)           ‒

  *Medication history (cumulated dispensed quantity)* †                                                                                                             

  NSAIDs                                                  33.3 (0.0--183.3)   66.7 (0.0--266.7)   65.0 (0.0--266.7)     50.0 (0.0--266.7)     100.0 (0.0--300.0)    0 (0.0--0.0)

  Glucocorticoids                                         50.0 (0.0--150.0)   75.0 (0.0--200.0)   112.5 (25.0--225.0)   126.7 (28.1--250.0)   100.0 (10.0--225.0)   0 (0.0--0.0)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

\*Within the last 5 years before episode start (except cancer and hospitalised infections).

†Within 1 year before episode start.

‡Ever recorded before episode start.

COPD, chronic obstructive pulmonary disease; COX, cyclo-oxygenase; CRP, C reactive protein; csDMARD, conventional synthetic disease-modifying antirheumatic drug; DAS28CRP, Disease Activity Score using 28 joints and CRP; ESR, erythrocyte sedimentation rate; GI, gastrointestinal; HAQ, Health Assessment Questionnaire; IBD, inflammatory bowel disease; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; TNFi, tumour necrosis factor inhibitor.

Follow-up time {#s7-s2}
--------------

The median follow-up time was: 5.0 years for the bionaïve patients with RA, 1.2 years for the TNFi-treated patients, 1.3 years for abatacept-treated patients, 2.2 years for rituximab-treated patients, 1.4 years for tocilizumab-treated patients and 4.4 years for the general population controls ([figure 1](#F1){ref-type="fig"}). The longer median follow-up of bionaïve patients is explained by a majority entering the study in 2009 without being censored by starting a biological treatment. On the other hand, patients enter biologics cohorts evenly throughout the study period and exit more frequently due to treatment change.^[@R40]^

![Lower gastrointestinal perforation incidence rates and contrast between patients with rheumatoid arthritis and the general population. *Incidence rates* per 1000 person-years were standardised for sex and age (categorised in 10-years groups). *HRs* adjusted (by multivariable Cox regression) for demographic characteristics (age, sex) and cumulated use of glucocorticoids. Reference: general population. *FU*, follow-up;*GenPop*, general population controls; *Std IR*, standardised incidence rate; TNFi, tumour necrosis factor inhibitor; yr, years.](rmdopen-2020-001201f01){#F1}

Patients with RA vs general population {#s7-s3}
--------------------------------------

The sex-standardised and age-standardised incidence rate of lower GI perforation in the general population was 1.1 per 1000 person-years (95% CI 1.0 to 1.3). Compared to the general population, sex-standardised and age-standardised incidence rates of lower GI perforation were higher among patients with RA irrespective of cohort: 1.6 (95% CI 1.5 to 1.7) for bionaïve, 1.8 (1.4--3.6) for TNFi, 2.0 (1.3--5.7) for rituximab, 3.3 (1.7--16.6) for abatacept and 4.5 (2.7--10.4) for tocilizumab. Adjustment for cumulated GC use left only tocilizumab initiators at a higher risk than the general population ([figure 1](#F1){ref-type="fig"}).

Comparison of biological treatments {#s7-s4}
-----------------------------------

Before adjustment, the incidence rates of lower GI perforations were numerically higher for all three non-TNFi bDMARDs versus TNFi: abatacept 2.6 events per 1000 person-years (1.5--4.5), rituximab 2.1 (1.4--3.2), tocilizumab 4.1 (2.7--6.2) and TNFi 1.6 (1.2--2.1). After adjusting by IPTW for demographic characteristics (age, sex, education level), year of treatment start, disease history (GI perforations, diverticular disease, intestinal vascular disease, other GI disorders, inflammatory bowel disease, diabetes, chronic obstructive pulmonary disease, hospitalised infections, cardiovascular disease, cancer, joint surgery, number of hospitalisations), RA parameters (RA duration, rheumatoid factor, ESR, CRP, DAS28CRP, HAQ), comedication with methotrexate, other conventional DMARDs, selective COX2 inhibitors, NSAIDs, GCs and cumulated use of GCs and of NSAIDs, incidence rates for abatacept and rituximab dropped very close to TNFi, 2.0 (0.7--3.2) and 1.7 (0.8--2.5), respectively, versus 1.9 (1.3--2.4), leaving only tocilizumab with a more than double incidence rate of 4.1 (2.1--6.0) compared to TNFi (corresponding crude and adjusted HRs in [table 2](#T2){ref-type="table"}). In terms of numbers needed to harm, if 451 patients would be treated with tocilizumab instead of TNFi for 1 year, one extra GI perforation would be observed.

###### 

Lower GI perforations, crude and IPTW-adjusted incidence rates and contrasts between non-TNFi and TNFi bDMARDs

  ---------------------------------------------------------------------------------------------------------------------------
  Cohort        Crude IR\           Crude HR\           HR p value   IPTW adj. IR (95% CI)   IPTW adj. HR\       HR p value
                (95% CI)            (95% CI)                                                 (95% CI)            
  ------------- ------------------- ------------------- ------------ ----------------------- ------------------- ------------
  TNFi          1.57 (1.21--2.05)   Ref                 ‒            1.85 (1.34--2.36)       Ref                 ‒

  Abatacept     2.62 (1.52--4.52)   1.68 (0.93--3.03)   0.0877       1.98 (0.73--3.23)       1.07 (0.55--2.10)   0.8341

  Rituximab     2.11 (1.39--3.21)   1.36 (0.82--2.24)   0.2338       1.65 (0.84--2.46)       0.89 (0.50--1.58)   0.6980

  Tocilizumab   4.10 (2.70--6.22)   2.61 (1.61--4.24)   0.0001       4.07 (2.14--6.00)       2.20 (1.28--3.79)   0.0045
  ---------------------------------------------------------------------------------------------------------------------------

IPTW adjustment for demographic characteristics (age, sex, education level), year of treatment start, disease history (GI perforations, diverticular disease, intestinal vascular disease, inflammatory bowel disease, other GI disorders, diabetes, chronic obstructive pulmonary disease, hospitalised infections, cardiovascular disease, cancer, joint surgery, number of hospitalisations), RA parameters (RA duration, rheumatoid factor, erythrocyte sedimentation rate CRP, DAS28CRP score), Health Assessment Questionnaire score, comedication with methotrexate, other conventional disease-modifying antirheumatic drugs, selective COX2 inhibitors, non-steroidal anti-inflammatory drugs (NSAIDs), glucocorticoids and cumulated use of glucocorticoids and of NSAIDs.

bDMARD, biological disease-modifying antirheumatic drugs; COX, cyclooxygenase; CRP, C reactive protein; GI, gastrointestinal; IPTW, inverse probability treatment weighting; IR, incidence rate; RA, rheumatoid arthritis; TNFi, tumour necrosis factor inhibitors.

After adjusting all confounders above by IPTW and line of therapy by conditioning on it, HRs dropped to 0.9 (0.4--1.9) for abatacept, 0.8 (0.4--1.6) for rituximab and 2.0 (1.1--3.5) for tocilizumab.

The plot of adjusted survival estimates over time ([figure 2](#F2){ref-type="fig"}) also shows a more accelerated decline in survival for tocilizumab compared to TNFi and rituximab, although with wide and overlapping confidence limits.

![Adjusted lower gastrointenstinal perforations survival curves for biological disease-modifying antirheumatic drugs. Inverse probability of treatment weighting adjustment for demographic characteristics (age, sex, education level), year of treatment start, disease history (GI perforations, diverticular disease, intestinal vascular disease, inflammatory bowel disease, other GI disorders, diabetes, chronic obstructive pulmonary disease, hospitalised infections, cardiovascular disease, cancer, joint surgery, number of hospitalisations), RA parameters (RA duration, rheumatoid factor, erythrocyte sedimentation rate , CRP, Disease Activity Score using 28 joints and CRP score), Health Assessment Questionnaire score, comedication with methotrexate, other conventional DMARDs, selective COX2 inhibitors, non-steroidal anti-inflammatory drugs (NSAIDs), glucocorticoids and cumulated use of glucocorticoids and of NSAIDs. Lines represent point estimate survival functions while shaded areas represent 95% confidence limits around these estimates. COX, cyclooxygenase; CRP, C reactive protein; DMARD, disease-modifying antirheumatic drug; GI, gastro-intestinal; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis.](rmdopen-2020-001201f02){#F2}

Secondary analyses {#s7-s5}
------------------

Including both upper and lower GI perforations as outcome events, only slightly increased the number of events and incidence rates ([online supplementary figure 2](#SP1){ref-type="supplementary-material"}) compared to including only lower GI perforations. The contrasts between bDMARDs were also very similar to results obtained for lower GI perforations ([online supplementary table 6](#SP1){ref-type="supplementary-material"}).

Mimicking the specific definition validated by Curtis *et al*^[@R41]^ and used in two previous studies^[@R14]^ yielded too few events for stable incidence rates estimation or meaningful comparisons. Mimicking the broader definition used in the same studies yielded incidence rates and HRs comparable to our main results and to previous results ([online supplementary table 7](#SP1){ref-type="supplementary-material"}).

Out of 22 lower GI perforation cases identified for tocilizumab only 2 were fatal, corresponding to a 9.1% mortality. Mortality was lower among abatacept cases (7.7% (1/13)) and higher among rituximab (27.3% (6/22)) and TNFi (14% (8/57)). The difference in mortality between treatment cohorts was not statistically significant (p=0.36).

Excluding observations with any GI perforation before start of treatment left the results virtually unchanged. The crude incidence rate of lower GI perforation for abatacept was 2.5 (1.4--4.3), that of rituximab was 2.0 (1.3--3.1) and that of tocilizumab was 3.8 (2.4--5.8) compared to 1.5 (1.1--1.9) for TNFi.

DISCUSSION {#s8}
==========

In this nationwide cohort study, to our knowledge the largest study so far assessing the incidence of GI perforations in different RA treatments in relation to the general population, we found an increased incidence of lower GI perforations in RA overall, seemingly explained by GC use. Meanwhile, we found a difference in risk between bDMARDs used to treat RA, corroborating earlier reports of an increased risk on tocilizumab, even when adjusted for a broad range of potential confounding factors.

As expected, the large majority of GI perforations (85%) were located in the lower GI tract in our material; thus, upper GI perforations were excluded from the main analyses. The sex-standardised and age-standardised incidence rates of lower GI perforations were higher among patients with RA compared to the general population, regardless of them being bionaïve or treated with bDMARDs. After adjusting for cumulated GC use before baseline, the risks in all RA cohorts, except tocilizumab initiators, were in line with the risk in the general population. Two previous studies compared the risk of GI perforation between patients with RA and age-matched and sex-matched patients who did not have RA. The first study included data from Olmsted County (US) residents and showed a doubled incidence rate of lower GI perforations among patients with RA.^[@R1]^ As the number of events was low, the CI of the rate ratio was wide and included the null, besides that no adjustment for GC exposure was made. Considering that tocilizumab was not yet approved during this study, a double risk for patients with RA is compatible with our results. In contrast to our results, the other study, using UK (Clinical Practice Research Datalink (CPRD) data, showed 35--60% higher incidence rates of GI perforation and bleeding among patients with RA, even after stratifying for having received GC prescriptions during follow-up.^[@R2]^ It is possible that the difference in outcome definitions explains the discrepancy, as we noted a tendency towards higher total (upper plus lower) GI perforation risk among bionaïve patients with RA (the largest RA cohort) compared to general population controls ([online supplementary figure 2](#SP1){ref-type="supplementary-material"}). Regardless, it seems likely that higher exposure to GCs among patients with RA is an important contributor to the overall increased risk of GI perforation.

Among patients with RA treated with bDMARDs, we observed a significantly increased risk of lower GI perforation among those who started tocilizumab compared with TNFi. This is in line with previous results,^[@R14]^ although there is variation in reported effect size. Whereas we report an adjusted HR of 2.2 (1.3--3.8) for lower GI perforations in tocilizumab versus TNFi, an adjusted HR of 4.5 (2.0--10.0) was observed in the German RABBIT registry when comparing tocilizumab versus csDMARDs,^[@R16]^ and two studies using US Health Insurance Claims data reported adjusted IRR of 4.0 (1.1--14.1)^[@R14]^ and HR of 2.5 (1.3--4.8)^[@R17]^ comparing tocilizumab versus TNFi. The differences between results may be within what is expected by chance, but there are also fundamental distinctions between studies. The German study validated outcome events initially reported by treating physicians, resulting in high specificity and lower incidence rates. While adverse events data collection and reporting by the treating rheumatologists might introduce surveillance bias, it is also true that severe adverse effects such as GI perforations are unlikely overlooked. Furthermore, the possibility of confounding adjustment was limited by potential underreporting of important comorbidities (such as diverticular disease) at baseline. The two US studies also used a narrower outcome definition that did not contain perforated diverticula. As approximately half the events observed in our data were perforated diverticula, our attempt to exclude them for comparison was uninformative. The US studies did present incidence rates of any GI perforation comparable to ours (and with highest rate on tocilizumab) from a broader definition that included perforated diverticula ([online supplementary table 7](#SP1){ref-type="supplementary-material"}). In addition to differences in which events were counted as GI perforations, studies used different data sources, coding systems, reference groups or exclusion criteria, making them unsuitable for direct meta-analysis. However, these differences could be seen as a strength since an increased risk of GI perforation for tocilizumab has now been observed in a range of settings.

The overall mortality in relation to a GI perforation event among bDMARD-treated patients with RA was 14.9% in our study, which was lower than previously reported.^[@R16]^ This may be explained by differences in study populations, case definitions or healthcare settings, but it may also reflect random variation. One previous study pointed to a potentially increased mortality after lower GI perforation among tocilizumab-treated patients,^[@R16]^ but this was not seen in the current study where the mortality among lower GI perforation cases treated with tocilizumab was not different compared to those treated with other bDMARDs.

Finally, we acknowledge a discrepancy between the current study and preliminary results presented by the authors as conference abstracts, where no statistically significant difference was found between treatment groups.^[@R42]^ The major driver of this difference was the addition of two years of data: 2009 and 2017.

Biological mechanisms that could explain the involvement of tocilizumab in GI perforation have been proposed. Amplified interleukin (IL)-6 expression has been observed early after GI injury, probably to support epithelial proliferation and wound healing.^[@R43]^ It has been reported that IL-6 regulates vascular endothelial growth factor production,^[@R44]^ which has a central role in angiogenesis and wound healing.^[@R45]^ By blocking IL-6 signalling, tocilizumab may slow down these healing processes. Additionally, tocilizumab treatment has also been associated with an increased incidence of diverticulitis.^[@R46]^ We also noticed a high proportion of diverticular perforations, out of identified lower GI perforations, among tocilizumab-treated patients (20/22).

Our study has several limitations. First, the outcomes were identified through national healthcare registries with overall high validity, but we are not aware of a validation specifically for GI perforations and false positives could have amplified incidence rates. Differential outcome detection could potentially bias our results if patients on treatments assumed to cause GI perforation (such as tocilizumab) are more closely monitored. On the other hand, detection bias could act in the opposite direction for tocilizumab, since IL-6 blockade may dampen perforation symptoms, making perforations difficult to detect. However, severe outcomes, such as GI perforations, are unlikely to be overlooked regardless of exposure history. Second, misclassification of bionaïve patients with RA is possible if they started treatments with a bDMARD not recorded in SRQ. Nonetheless, the great majority of bDMARD treatment starts are covered by SRQ and coverage increased over time. Third, there are important risk factors of GI perforation such as alcohol consumption, smoking or obesity that we had no data. While the pattern of alcohol consumption and smoking may differ between patients with RA and general population controls, it is not expected to be associated with the bDMARD choice. Furthermore, using an 'on drug' ('as treated') analysis is appropriate when we expect a limited latency time between exposure and the development of the outcome, but selection bias is possible if treatment is stopped due to prodromal symptoms of the outcome. To address this issue, we extended the exposure window over the end of treatment, assuming that it would not take more than 90 days for a GI perforation to be identified, once symptoms have been detected. Finally, the time-to-event analysis precludes an examination of patient experience after the first outcome event, such as stopping treatment due to GI perforation or reoccurrence of GI perforation. We chose a time-to-event analysis instead of a recurrent event analysis because it is difficult to recognise distinct GI perforation events from registry data. In order to address any possible bias due to events caused by a previous treatment being counted under a subsequent treatment, we conducted a sensitivity analysis including only patients without any history of GI perforation and allowing patients to re-enter follow-up only as long as they did not develop a lower GI perforation. The results were similar to the main analysis.

An important strength of our study is using national registers where data is recorded routinely, prospectively and independently of individual studies. This would counteract some differences in measurement error between compared exposures that would be present in unblinded, retrospective measurements. Because we could link the SRQ with other national Swedish registers, we had access to a wider range of patient characteristics than previous studies and to a sample of general population controls.

In conclusion, we found increased rates of lower GI perforations among patients with RA compared to the general population, seemingly explained by an increased use of GCs. We also found an increased rate of lower GI perforations on tocilizumab versus other bDMARDs. The absolute rates remained low, but considering the seriousness of GI perforations, even a slightly increased risk warrants caution when using tocilizumab.

###### Key messages

What is already known about this subject?
-----------------------------------------

-   Treatments for RA (including glucocorticoids), as well as the disease process itself, may be associated with an increased risk of gastrointestinal (GI) perforations.

-   Limited data suggests an increased risk of lower GI perforations among patients treated with tocilizumab.

What does this study add?
-------------------------

-   This cohort study used Swedish registers with national coverage to assess the risk of lower gastrointestinal perforations in RA per se and linked to biological therapies, adjusting for a broader range of confounding factors than previous studies.

-   The rate of lower gastrointestinal perforations is increased among patients with RA compared to the general population, but this seems explained by the use of glucocorticoids rather than by the disease itself. An increased risk on tocilizumab compared with other biological treatments remained after adjustment.

How might this impact on clinical practice?
-------------------------------------------

-   The presence of other GI perforation risk factors should be assessed before tocilizumab administration and patients should be evaluated during treatment.
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